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1
APPARATUS AND METHODS FOR
IMPROVED HANDOVER IN
MULTI-OPERATOR SHARED RADIO
ACCESS NETWORK COMMUNICATIONS
SYSTEMS

TECHNICAL FIELD OF THE INVENTION

The present invention relates to handover in a communi-
cations system, and more especially it relates to cell change
using Tu-interface dependent neighbor-cell lists, particularly
in a Universal Mobile Telecommunications System, UMTS
or WCDMA system.

BACKGROUND AND DESCRIPTION OF
RELATED ART

Mobile operators are known to share radio communica-
tions networks in order to share costs of network operations
and establishment, which are extensive, particularly in the
rollout phase.

3% Generation Partnership Project (3GPP): Technical
Specification Group Services and System Aspects; Network
Sharing; Architecture and functional description (Release 6)
3G TS 23.251 v6.0.0, France, June 2004, covers the details
of Network Sharing. It shows how several core network
operators can share one radio access network and details the
impacts on the network architecture. All UE (User Equip-
ment) entities shall also comply with other requirements for
network-sharing supporting UE entities, among them PLMN
selection and system information reception. Chapter 4 of the
3GPP specification describes multi-operator core network,
MOCN.

An operator may select not to share its entire network but
only have part of it in common with one or more other
operators. For such networks and operators, prior art iden-
tifies a problem of handover related to a user communicating
over a radio base station, RBS, in the shared part of the
network being handed over to communicate over a base
station that is not shared with one or more other operators.

FIG. 1 illustrates a handover from an MOCN radio
network to an individual network of one of a plurality of
partners sharing the MOCN.

To simplify the description, cells from which handover
may occur to non-shared cells from shared cells and vice
versa are called border cells.

3" Generation Partnership Project (3GPP): Technical
Specification Group Radio Access Network; UTRAN overall
description (Release 5) 3G TS 25.401 v5.9.0, France, Sep-
tember 2004, describes the overall architecture of the
UTRAN (Universal Terrestrial Radio Access Network),
including internal interfaces and assumptions on the Tur and
Tu interfaces. Iur interfaces are also referred to as radio-
interfaces.

3% Generation Partnership Project (3GPP): Technical
Specification Group Radio Access Network; UTRAN Iu
interface RANAP signaling (Release 5) 3G TS 25.413
v5.10.0, France, September 2004, specifies the radio net-
work layer signaling protocol called Radio Access Network
Application Part (RANAP) for the Iu interface. RANAP
supports the functions of Iu interface by signaling proce-
dures defined in this document.

The 3GPP technical specifications TS 25.401 and TS
25.413 presents a solution to the handover problem
described above by specifying Shared Network Areas,
SNAs, and by using shared network access control.
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2

With a multi-operator core network, MOCN, according to
3GPP TS 23.251, the radio network will know all cells/base
stations to which it is possible to hand over a call. Particu-
larly, it will know all neighbor cells belonging to the various
one or more operators, with which it shares a (sub-)network.
However, the core network will only know neighbor cells
belonging to the individual network.

In case a suggested border cell is not recognized by core
network, handover to such a cell can be rejected. Thereby a
call is guaranteed to be handed over to non-shared border
cells/network of correct operator.

International ~ Patent  Applications =~ W002065805,
W002065806, WO02065807 & WO02065808 describe a
method and system of partial support of mobility between
radio access networks comprising a shared cellular radio
access network. The patent applications reveal precluding
user equipment from: utilizing a restricted cell, for which the
subscription operator has a competing cell. Rejected utili-
zation can be handover to, or cell/lURA updating via, a
restricted cell. In response to a handover attempt, the pro-
tecting control node of the auxiliary operator network
obtains, from an initiating operator’s network, a user equip-
ment IMSI (International Mobile Subscriber Identity) and an
identification of the target cell sought by the handover. The
protecting control node uses the IMSI to determine whether
the target cell is a restricted cell, and (if so) notifies the
initiating operator’s network that the handover is rejected.

None of the cited documents above discloses a method
and system of handover in a shared radio access network
environment using Iu-interface dependent neighbor-cell
lists.

SUMMARY OF THE INVENTION

Costs of configuring and coordinating data related to
shared network access between core network and radio
access network are often extensive. In prior art, special
arrangements may be required for correctly handing over
roaming subscribers. Core network rejection of connection
handover to unknown cells, according to prior art, would
increase the risk of handover failure.

Consequently, it is an object of the invention to provide a
method and system, not requiring particular discriminating
operations for its various users as regards handover proce-
dure, such that connections are handed over correctly
between cells/base stations irrespective of whether a user is
connected over a core network of his home PLMN or of
another PLMN.

A further object is to incorporate data from an available
interface of a radio communications system for a new
purpose of handover.

It is also an object to provide candidate cell/base station
selection based upon the incorporated data.

Finally, it is an object to provide a method and system of
connection handover between cells/base stations of
improved reliability and reduced costs.

These objects are met by the invention, which is particu-
larly well suited for a universal mobile telecommunications
system.

Preferred embodiments of the invention, by way of
examples, are described with reference to the accompanying
drawings below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a handover from an MOCN radio
network to an individual network of one of a plurality of
partners sharing the MOCN.
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FIG. 2 displays a radio access network shared between
three operators. The core networks of the operators are
connected to one or more RNCs of the shared radio access
network over an Iu interface, according to the invention.

FIG. 3 illustrates a first example situation of handover of
user equipment from a shared cell to a non-shared cell
according to the invention.

FIG. 4 illustrates a second example situation of handover
of user equipment from a shared cell to a non-shared cell
according to the invention.

FIG. 5 illustrates a third example situation of handover of
user equipment from a shared cell to a non-shared cell
according to the invention.

FIG. 6 illustrates example data per Iu-interface main-
tained by RNC according to the invention.

FIG. 7 illustrates an example neighbor-cell list for main-
taining data per neighbor cell in RNC according to the
invention.

FIG. 8 illustrates schematically a radio network control-
ler, RNC according to the invention.

FIG. 9 illustrates schematically a flowchart for a method
according to the invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

A drawback of the SNA approach described in 3GPP
technical specifications TS 25.401 and TS 25.413 is that it
requires support from both core network and radio access
network. Another drawback is required configuring and
coordinating of data in both core network and radio access
network

In relation to International Patent Applications
WO002065805, WO02065806, W002065807 &
WO02065808 it is observed that a list of available neighbor
cells, configured by the operator, can be filtered before it is
sent to user equipment, UE, in a Measurement Control
message. Thereby, UE can be prevented from performing
measurements on base stations filtered out. Consequently, a
call will not be handed over to a cell/base station not
included in the list.

FIG. 2 displays a RAN (Radio Access Network) «Shared
Radio Access Network» shared between three operators, A,
B and C. The core networks of the operators «CN operator
A», «CN operator B», «CN operator C» are connected to one
or more RNCs (Radio Network Controllers) «<(RNC» of the
shared RAN over an Iu interface «Iu».

The instant invention adopts filtering of a neighbor-cell
list of available neighbor cells, wherein cell not allowed for
handover are cancelled prior to the list being forwarded to
user equipment. In contrast to prior art it does not rely on
IMSI but RNC of a shared RAN (Radio Access Network) is
instructed to exclude handover candidates from a neighbor-
cell list depending on identity of the Iu interface over which
the user equipment is connected to the core network.

FIG. 3 illustrates a first example situation of handover of
user equipment from a shared cell «Cell AB3» to a non-
shared cell «Cell B» according to the invention. In the
illustrated example network there are three shared cells
«Cell AB1», «Cell AB2», «Cell AB3», each with a serving
base station «<RBS AB», the cell being an area served by the
base station. There can be more than one base station in each
cell.

The current user equipment «UE» is served by operator B,
e.g. due to a roaming agreement with the operator with
which the user of the user equipment has a subscription or
operator B being the operator providing the subscription. In

5

10

15

20

25

30

35

40

45

50

55

60

65

4
FIGS. 3-5, the RNC «RNC AB» controlling the shared base
stations is a shared base station «(RNC AB». According to
the invention, the RNC «RNC AB» maintains data per
Tu-interface, illustrated in FIG. 6.

The RNC «RNC AB» maintains data per Iu-interface,
preferably configured by operator, whereby operator net-
work can be identified. The RNC «RNC AB» is also
assumed to maintain data per neighbor cell, e.g. in a neigh-
bor-cell list as illustrated in the example of FIG. 7. The
neighbor-cell list identifies the operator of a particular
cell/base station neighboring a current cell/base station
serving a particular user equipment unit.

In FIGS. 3-5 a user equipment unit in a shared cell is to
be handed over to a non-shared border cell. Cells of both
operators A and B are handover candidates and are assumed
to fulfill the minimum requirements for handover, notwith-
standing the fact that either operator may not allow the
handover.

In FIG. 3, an operator-B user equipment unit, or rather its
connection, is barred from being handed over to a candidate
cell of operator A «Cell A». In FIG. 4 an operator-A user
equipment unit is correspondingly barred from being handed
over to the candidate cell of operator B «Cell B». In both
examples of FIGS. 3 and 4, the RNC «RNC AB» is assumed
to be shared between the two example operators A and B. In
FIG. 5 the call is illustrated to be initiated in non-shared part
of RAN of operator A. The RNCs «A1», «<RNC AB» then
need communicate, similarly to any situation where serving
RNC, corresponding to RNC A «A1», is different from a
drift RNC, corresponding to RNC «RNC AB» of the shared
RAN. The different RNCs then communicate over an Iur
interface. The handover filtering of the neighbor list is
preferably made in the RNC «RNC AB» with knowledge of
the cells neighboring the cells it controls, irrespective of
whether it is a drift RNC or serving RNC. Since the user
equipment unit is served by operator A, it is barred from
being handed over to the candidate cell «Cell B» of operator
B.

FIG. 6 illustrates an example list of maintained data per
Iu frame in an RNC «RNC AB» of a shared RAN «Shared
Radio Access Network». In the figure there are two explic-
itly illustrated example Iu-interfaces m «I1» and n «I2», and
a plurality of possibly additional Tu interfaces. For each Iu
interface the list also comprises a corresponding network
operator according to its MCC «MCCA», «MCCB» and
MNC «MNCA», «MNCB».

FIG. 7 shows an example neighbor-cell list of cells being
neighbors to cell x7 in FIGS. 3-5. For shared cells, «<MCCo»
and «MNCo» are those of the shared (sub-)network, whereas
«MCCA», «MCCB» and «<MNCA», «MNCB» of those of
the individual (non-shared) (sub-)networks.

With reference to FIGS. 3-5, prior to the RNC «RNC AB»
sending out a Measurement Control Message (the message
as such being defined by 3GPP) including potential cell
candidates for handover, cells barred from handover are
cancelled from the list according to the invention. The cell
candidates remaining in the list correspond to base stations
whose broadcast signals the user equipment is expected to
measure on for handover purposes by (shared) RAN.

FIG. 8 illustrates schematically a radio network control-
ler, RNC, interconnecting at least one Core Network, CN,
over an Iu interface «Iu» and at least one base station, over
an Iub interface «Iur/ITub» or at least one RNC over an Iur
interface «Iur/Iub”» in an example WCDMA radio commu-
nications network. The RNC comprises one or more pro-
cessing means «w» filtering data from the Iu interface for
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achieving operator data according to the invention for inclu-
sion or exclusion of operators in a neighbor-cell list as
described above.

FIG. 9 illustrates schematically a flowchart for a method
according to the invention. The method is preferably per-
formed by processing means adapted therefore in RNC or
apparatus connected to RNC.

A filtering entity will determine from MCC and MNC of
the Iu interface which operator is responsible for a particular
connection, session or call, as earlier described in relation to
FIG. 6 «S1». Cells/base stations that are neither shared
cells/base stations nor non-shared cells/base stations of the
serving operator are removed from the list «S2». For the
example situation illustrated in FIG. 3, cells/base stations x6
«N1», x8 «N2» and B «N4» will remain in the list included
in a Measurement Control Message but not cell/base station
A «N3». For the example handover situations illustrated in
FIGS. 4 and 5, cells/base stations x6 «N1», x8 «N2» and A
«N3» will remain in the list included in a Measurement
Control Message but not cell/base station B «N4».

The resulting list of neighbor cells is sent to the user
equipment unit <UE» in a Measurement Control Message.

A person skilled in the art readily understands that the
receiver and transmitter properties of a base station or a UE
are general in nature. The use of concepts such as RBS, UE
or RNC within this patent application is not intended to limit
the invention only to devices associated with these acro-
nyms. It concerns all devices operating correspondingly, or
being obvious to adapt thereto by a person skilled in the art,
in relation to the invention. As an explicit non-exclusive
example the invention relates to mobile stations without
subscriber identity module, SIM, as well as user equipment
including one or more SIMs. Further, protocols and layers
are referred to in close relation with UMTS terminology.
However, this does not exclude applicability of the invention
in other systems with other protocols and layers of similar
functionality.

The invention is not intended to be limited only to the
embodiments described in detail above. Changes and modi-
fications may be made without departing from the invention.
It covers all modifications within the scope of the following
claims.

The invention claimed is:

1. A method for connection handover between cells or
base stations of an at least partly shared radio access network
of a radio communication system, the method comprising
the steps of:

determining at a shared radio access network node, a

serving operator associated with a user equipment
according to an identity of an interface between the
radio access network node and a core network of the
radio communications system, the serving operator
determined using a table that associates the identity of
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the interface with the serving operator, wherein the
interface is an lu interface of a Wideband Code Divi-
sion Multiple Access (WCDMA) system;

establishing at the shared radio access network node a
neighbor-cell list including cells shared with or run by
the serving operator and excluding cells run by a
second operator not shared with the serving operator,
the second operator not serving the user equipment;

transferring the neighbor-cell list to the user equipment
involved in the connection; and

facilitating in the handover of the user equipment to a cell
on the neighbor cell list.

2. The method according to claim 1, wherein the neigh-
bor-cell list is included in a Measurement Control Message
for transfer to the user equipment.

3. A radio access network element, the radio access
network element being connected to a core network and one
or more base stations or one or more radio network con-
trollers, the radio access network element comprising:

a processor for processing a neighbor-cell list for a user
equipment associated with a serving cell and for iden-
tifying an interface to the core network that identifies a
serving operator of the serving cell, the serving opera-
tor determined using a table that associates the identity
of the interface with the serving operator, the neighbor-
cell list being processed to include cells shared with or
run by the serving operator and to exclude cells run by
network operators other than the serving operator and
not shared with the serving operator depending on the
identity of the interface,

wherein the interface is an lu interface of a Wideband
Code Division Multiple Access (WCDMA) system and
wherein the network operators other than the serving
operator are not serving the user equipment; and

an interface for transferring the neighbor-cell list to the
user equipment; and

wherein the processor is further configured to facilitate in
the handover of the user equipment to a cell on the
neighbor cell list.

4. The radio access network element according to claim 3,
wherein the processor is arranged for inclusion of informa-
tion provided by the serving operator and extracted from
communications over the interface.

5. The radio access network element according to claim 3,
wherein the processor is arranged for exclusion of informa-
tion in the neighbor-cell list related to one or more serving
operators not identified by information extracted from com-
munications over the interface.

6. The radio access network element according to claim 3,
wherein the radio access network element is a radio network
controller.



